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3.2.2.2. Energy Converters 
 41 
 
 
 42 
 
 43 
 
 
 
 
 
 44 
 
 
 
2P R i   (4.1) 
 
 45 
 
 
 
 
2
d


  (4.2) 
 46 
 
r
r
2
1014.6 10log [ ]
r
m
r
fr
R


 
( ) 3.34 r rA dB t f 
1020log ( )
2
efficiencyS
L



 47 
 
int
int
int
20
erference
mesh
erference
erference
W
C
f




int20
mesh
erference
C
W
f


 
 
 
 
 
 
 
 
 
 48 
 
 
 
 
 49 
 
 
 
 
0.9measured regeneratedS P P  
 50 
 
 51 
 
 
 
- 
- 
 52 
 
- 
 
 53 
 
 
 54 
 
 
 
 
 55 
 
1
0
1
0
( )
( )
end n
n
end n
n
t t
n t t t
t t
n t t t
P UI
Energy P t
Capacity I t


 
 



 
 
 
 56 
 
 57 
 
 
 
 
 
 58 
 
 
 
 59 
 
 
 
 
 60 
 
 
 
 
 61 
 

 
 
 
 
arg
Pr arg 0 (1 )
pre ch e
t
R
e ch eV V e


      
 62 
 
 
 
0 arg
Pr arg
arg
pre ch e
e ch e
pre ch e
V V
I
R




   
 
 
 63 
 
 
 
arg
0
disch e inverter
t
R C
LV V e

    
 64 
 
 
 
arg
arg
arg
disch e
disch e
disch e
V
I
R
   
 
 65 
 
 
 
 
 
 
 66 
 
 
 
 
 
 
 67 
 
 
 
l
R
A

 
 
 
 68 
 
32.7[ ]alu
g
cm
 
82.82 10 [ ]
m
   
0 00 0
[ ( )]t t tR R c T T R    
 69 
 
 
 70 
 
 
 
 71 
 
 
 
 72 
 
 73 
 
 
 
 
 
 
 
 
 
 
 
 
 74 
 
 
 
 
 75 
 
 

1
2
2000
V
V 
 76 
 
1 2 2
2
2000 2000
200
10
TS
V V V
I V
R R
   
 
 77 
 
 
 
 
 78 
 

 
P   

1 2
rad
Hz
s

2 2Hz
rad
P v Nm watt
s
            
 
 79 
 
 80 
 
 81 
 
 
 
 
 82 
 
 83 
 
 
 84 
 
 
 
 
 85 
 
 
 86 
 
 
 
 
 
 87 
 
 88 
 
 89 
 
 
 
 
 
 90 
 
 
 
 91 
 
tot
T
t J



 
 
Cell B1
Cell B2
Cell B3
Current
 92 
 
 
 93 
 
 
 
 94 
 
 
 95 
 
 
B4
B5
B6
Linear (B5)
Linear (B6)
 96 
 
 
 
90%
92%
94%
96%
98%
100%
102%
0 1 2 3 4 5 6 7 8 9
 97 
 
 
 98 
 
 
 
 
 
Charge
capacity
Discharge
capacity
check @
0.5 C
80%
 99 
 
2
intloss loss ernalW P t R i t    
 100 
 
1( ( ) ( ))( ) ( )
2 2
n n
n n
f t tt
f t f t 

  
t
 101 
 
 
 
 102 
 
 103 
 
 
 104 
 
 
500
600
700
800
900
1000
1100
2.95 3 3.05 3.1 3.15 3.2 3.25 3.3 3.35
S-1
S-3
B4
B5
B6
 105 
 
 106 
 
 107 
 
 
 
 
 
0
10
20
30
40
50
60
 108 
 
 
 
 
 
 109 
 
 
 
 
-10.000
0.000
10.000
20.000
30.000
40.000
50.000
60.000
 110 
 
 
 
 
0
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
 111 
 
 
      
    
 112 
 
 113 
 
 
 
 
max
min,
max
max
min,
max
min,
144
85
3.28
144 180
pack
cell
cell
P
U
I
P
U
I
kW
U V
A



 

 114 
 
 
 115 
 
 
 116 
 
 
 117 
 
 
 
5.60
5.80
6.00
6.20
6.40
6.60
6.80
7.00
7.20
0 20 40 60 80 100 120 140
 118 
 
 
 
 119 
 
 
 
 120 
 
 
 
 121 
 
 
 
 
 122 
 
 
 123 
 
 
 124 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 125 
 
 
 126 
 
 
 127 
 
 
 128 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 129 
 
 
 
[1]  D. Linden and T. B. Reddy, Handbook of Batteries, 3 ed., New York: McGraw - Hill, 2001.  
[2]  N. D. Williard, "Degradation Analysis and Health Monitoring of Lithium Ion Batteries," 
University of Maryland, College Park, 2011. 
[3]  G. Albright, J. Edie and S. Al-Hallai, "A Comparison of Lead Acid to Lithium - Ion in Stationary 
Storage Applications," AllCell Technologies, Chicago, 2012. 
[4]  K. Young, C. Fierro and M. A. Fetcenko, "Status of Ni/MH Battery Research and Industry," 
Power and Energy Society General Meeting, IEEE, 2011. 
[5]  B. E. Jay, "Performance of the Horizon Advanced Lead-Acid Battery.," Wescon/'93 Conference 
Record, San Fransisco, USA, 1993. 
[6]  Silicone Batteries, "www.Siliconebatteries.ca," Silicone Batteries, [Online]. Available: 
http://www.siliconebatteries.ca/siliconebatteries.html. [Accessed 20 February 2014]. 
[7]  Datasheet, "energizer.com," [Online]. Available: http://data.energizer.com/PDFs/nh15-
2500.pdf. [Accessed 04 03 2014]. 
[8]  R. Bhandari, Role of Grids fro Electricity and Water Supply with Decreasing Cost for 
Photovoltaics, 15 ed., Kassel: Kassel university press GmbH, 2010.  
[9]  National Research Council, Review of the Research Program of the Partnership for a New 
Generation of Vehciles, 3rd ed., National Academic Press, 1997.  
[10]  F. Béguin, E. R. Piñero and E. Frackowiak, Carbons for Electrochemical Energy Storage and 
Conversion Systems, London: CRC Press, 2010.  
[11]  Maxwell Technologies, "www.maxwell.no," [Online]. Available: 
http://www.maxwell.com/products/ultracapacitors/docs/k2series_ds_1015370-4.pdf. 
[Accessed 05 03 2014]. 
[12]  N. Gholamabbas and G. Pistoia, Lithium Batteries: Science and Technology, Austin, Texas: 
Kluwer Academic Publishers, 2005.  
[13]  A. Patil, J. -. W. Choi and S. J. Yoon, "Review of Issue and Challenges Facing Rechargeable 
Nanostructures Lithium Batteries," Nanotechnology Materials and Devices Conference, IEEE, 
 130 
 
Gyeongju, 2006. 
[14]  L. Gaines and R. Cuenca, "Cost of Lithium - Ion Batteries for Vehicle," Argonne National 
Laboratory Transportation Technology and R & D Center., Chicago, 2000. 
[15]  Panasonic Corporation, "www.panasonic.com," [Online]. Available: 
http://www.panasonic.com/industrial/includes/pdf/UPF476790.pdf. [Accessed 2014]. 
[16]  Kokam Co. Ltd., "www.kokam.com," [Online]. Available: 
http://www.kokam.com/new/kokam/sub01/sub01_01.html. [Accessed 2014]. 
[17]  Valence Technology, "www.valence.com," [Online]. Available: 
http://www.valence.com/sites/default/files/26650_datasheet_april_2013.pdf. [Accessed 
2014]. 
[18]  Gaia Advanced Lithium Battery Systems, "www.gaia-akku.com," [Online]. Available: 
http://www.gaia-akku.com/fileadmin/user_upload/downloads/cells/7,5AhUHP_NCA.pdf. 
[Accessed 2014]. 
[19]  A123 Systems, "www.a123systems.com," [Online]. Available: 
http://www.a123systems.com/prismatic-cell-amp20.htm. [Accessed 2014]. 
[20]  Lighting Global, "Lithium-Ion Battery Overview," International Finance Group, 2012. 
[21]  J. McDowall, Understanding lithium - ion technology, Saft America Inc., 2008.  
[22]  J. B. Goodenough, A. K. Padhi, K. S. Nanjundaswamy and C. Masqueller, "Cathode Materials 
for Secondary Batteries". Patent 5,910,382, 8 June 1999. 
[23]  Energy Innovation Group, "www.eigbatterygroup.com," [Online]. Available: 
http://www.eigbattery.com/_eng/designer/skin/02/01_03.asp. [Accessed 20 01 2014]. 
[24]  Hitachi Ltd., "www.hitachi.com," 2014. [Online]. Available: 
http://www.hitachi.com/rev/pdf/2014/r2014_02_107.pdf. [Accessed 15 03 2014]. 
[25]  D. Doughty and P. E. Roth, "A General Discussion of Li Ion Battery Safety," The Electrochemical 
Society Interface, June 2012.  
[26]  M. R. Jongerden and B. R. Haverkort, "Battery Modelling," University of Twente, Twente, 
2009. 
[27]  D. Rakhmatov and S. Vrudhula, An Analytical High - Level Battery Model for Use in Energy 
Management of Portable Electronic Systems, Proceedings of the International Conference on 
 131 
 
Computer Aided Design, 2011, pp. 288-493. 
[28]  D. Doerffel and S. A. Sharkh, A Critical Review of Using the Peukert Equation for Determining 
the Remaining Cpacity of Lead - Acid and Lithium - Ion Batteries, vol. 155, Journal of Power 
Sources, 2006, pp. 395-400. 
[29]  T. Guena and P. Leblanc, "How depth of discharge affects the cycle life of lithium - metal - 
polymer batteries," Telecommunications Energy Conference. INTELEC '06., 2006. 
[30]  J. Groot, "State - of - health estimation of li - ion batteries: Cycle life test methods," Chalmers 
University of Technology, Goteborg, 2012. 
[31]  S. K. Rahimian, S. C. Rayman and R. E. White, "Maximizing the life of a lithium - ion cell by 
optimization of charging rates," Journal of the Electrochemical Society, Vols. 157. A1302-
A1308, 2010.  
[32]  M. Ecker, J. B. Gerschler, J. Vogel, S. Kabitz, F. Hust, P. Dechent and D. U. Sauer, "Development 
of a lifetime prediction model for lithium - ion batteries based on extended accelerated aging 
test data," Journal of Power Sources, vol. 215, pp. 248-257, 2012.  
[33]  H. T. Mahmoud and L. Xu, "A combined Li-Ion & lead - acid battery system for start - stop 
application: potential & realization," Chalmers University of Technology, Goteborg, 2011. 
[34]  C. Karnjanapiboon, K. Jirasereeamornkul and V. Monyakul, "High efficiency battery 
management system for serially connected battery string," King Mongkut's University of 
Technology Thonburi, Bankok, 2009. 
[35]  S. Moore and P. Schneider, "A review of cell equalization methods for lithium ion and lithium 
polymer battery systems," SAE World Congress, Detroit, 2001. 
[36]  ENSTROJ Sušnik Roman s.p., "www.enstroj.si," [Online]. Available: 
http://www.enstroj.si/Electric-products/emrax-228-motorsgen.html. [Accessed 05 04 2014]. 
[37]  S. Weber, E. Guttowski, E. Hoene, W. John and H. Reichi, "EMI coupling from automotive 
traction systems," Franhofer Institure for Reliability and Microgeneration, Munich, 2013. 
[38]  H. Ott, Noise reduction techniques in instrumentation, 3rd ed., New York: John Wiley & Sons, 
1988.  
[39]  Bender, The power in electrical safety , A-Isometer IR155-3203 / IR155-3204, 2010.  
[40]  J. W. N. a. S. Riedel, Electric Circuits, 7 ed., Pearson, 2007.  
 132 
 
[41]  Eltek Valere, "www.eltek.com," [Online]. Available: 
http://eltek.com/search/?cat=10003&c=&q=ev+power+charger. [Accessed 20 01 2014]. 
[42]  Unitek Industrie Elektronik, "www.unitek-online.de," [Online]. Available: http://www.unitek-
online.de/pdf/download/Antriebe-Drive/BAMOCAR/E-BAMOCAR-D3.pdf. [Accessed 01 06 
2014]. 
 
 
 133 
 
 
 134 
 
 135 
 
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.90
4.00
4.10
4.20
0 1000 2000 3000 4000 5000 6000 7000 8000
Cell Voltage @0.5 C
 136 
 
0
5
10
15
20
25
30
35
40
45
50
700 720 740 760 780 800
Current
 137 
 
 
 138 
 
 
 
 
 
  
 139 
 
 
% Open textfile containing testdata and store  
fid = fopen('C:\Users\Eiriken\Documents\MATLAB\cyclelife.txt', 'r')  
result = zeros(1000000, 3); 
count = 0; 
i = 1; 
%Define needed variables and arrays for capacity check 
capacityCheck = zeros(7,3); 
capacityCheckCycle = 1; 
cycle = 1; 
%Define needed variables and arrays for charge cycles 
chargeCycle = 1; 
chargeCapacity = zeros(200,3); 
%Define needed variables and arrays for fastwave discharges 
it=1; 
tempFastwaveAh = zeros(30,1); 
tempFastwaveWh = zeros(30,1); 
fastwave = zeros(200,3); 
fastwaveCycle = 1; 
  
% Get data from first column 
while count == 0 
    fgets(fid) 
    [A,count] = fscanf(fid, '%i %i %i %id %i:%i:%f %id %i:%i:%f %f %f %f 
%f %c') 
end 
% Get data and store if column is readable 
while count ~= 0 
    i = i + 1; 
    fgets(fid); 
    [A,count] = fscanf(fid, '%i %i %i %id %i:%i:%f %id %i:%i:%f %f %f %f 
%f %c'); 
     
    if(count > 16) 
        result(i, 1) = A(12);  %Capacity Ah 
        result(i, 2) = A(13);  %Capacity Wh 
        result(i, 3) = A(16);  %State R/D/C 
    end 
    if(mod(i, 100) == 0) 
        i 
    end 
    % Find and store capacity check discharges by identifying the first 
    % column in a charge following a discharge with >6 Ah capacity. 
    if i>100 
     if result(i-1,1) > 6 && result(i,1) <0.001 && result(i-1,3) == 68 && 
result(i,3) == 82  
          capacityCheck(capacityCheckCycle, 1) = cycle;        
          capacityCheck(capacityCheckCycle, 2) = result(i-1,1);  
          capacityCheck(capacityCheckCycle, 3) = result(i-1,2); 
          cycle = 25*capacityCheckCycle;                     
          capacityCheckCycle = capacityCheckCycle +1;          
     end 
    end 
 140 
 
    % Find and store capacity of each charge by identifying the last 
column 
    % in a charge state. 
    if result(i-1,1) > 6 && result(i,1) <0.001 && result(i-1,3) == 67  
        chargeCapacity(chargeCycle,1) = chargeCycle; 
        chargeCapacity(chargeCycle,2) = result(i-1,1);  
        chargeCapacity(chargeCycle,3) = result(i-1,2);  
        chargeCycle = chargeCycle +1;                 
    end 
    % Find and save capacity for each fastwave discharge by identifying 
the 
    % end of each fastwave - step and adding the results 
    if  result(i-1,1) < 0 && result(i,3) == 82 && result(i-1,3) == 68  
        tempFastwaveAh(it) = abs(result(i-1,1));       
        tempFastwaveWh(it) = abs(result(i-1,2));       
        it = it+1;                              
         
    end 
        % Find end of the complete fastwave discharge - cycle and store 
        % values 
    if i>100 
        if (result(i,3) == 67 && result(i-1,3)~= 67)  && (result(i-10,1) 
+ result(i-20) + result(i-30,1) < 0)    
          fastwave(fastwaveCycle, 1) = fastwaveCycle;    
          AhCapacity = 0;                                
          WhCapacity = 0;                                
          for k=1:30  
             AhCapacity = AhCapacity + tempFastwaveAh(k); 
             WhCapacity = WhCapacity + tempFastwaveWh(k);             
          end     
          % When the end of a fastwave discharge is identified, vectors 
          % used to summarize the capacity are reset and values stored. 
           fastwave(fastwaveCycle, 2) = AhCapacity; 
           fastwave(fastwaveCycle, 3) = WhCapacity; 
           it=1;                                         
           tempFastwaveAh = zeros(30,1);                 
           tempFastwaveWh = zeros(30,1); 
           fastwaveCycle = fastwaveCycle + 1;  
     end 
    end 
end 
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function[totalEnergy] =  calcPower2(batteryVoltage, batteryCurrent, 
batterySOC) 
  
display(['::::Analyzing tool for Simulink Li-Ion simulations::::']) 
    display([' Nominal rated battery capacity is defined through 
discharge at 0.5 C. ']) 
  
%Define number of values for current & voltage and identify timestep used 
%in Simulink model. 
firstStop = 1; 
timetocutoff = 0; 
dimensions = size(batteryVoltage); 
timestep = batteryVoltage(dimensions(1,1), 1)/dimensions(1,1); 
initialVoltage = batteryVoltage(1,2); 
  
%Initialize variables used 
Energy = 0; 
endVoltage = 601; 
sumPower = 0; 
avgPower = 0; 
instaPower = 0; 
startSOC = batterySOC(1,2); 
i = 0; 
  
while ( i < dimensions(1,1)-1 && firstStop == 1 ) 
    i = i+1; 
    %Calculate total energy extracted from battery 
    instaPower = 
(batteryVoltage(i,2)+batteryVoltage(i+1,2))/2*(batteryCurrent(i,2)+batter
yCurrent(i+1,2))/2; 
    timestepEnergy = instaPower * timestep; 
    %tempEnergy = totalEnergy + timestepEnergy; 
    Energy = Energy + timestepEnergy;   
    %Calculate average power 
    sumPower = sumPower + instaPower; 
    if i<(dimensions(1,1)-1000) 
      if (batteryCurrent(i,2) == 0 && batteryCurrent (i+999,2) == 0 && 
firstStop == 1) 
          timetocutoff = batteryCurrent(i,1); 
          %endVoltage = batteryVoltage(i,2); 
         firstStop = 0; 
      end 
    end 
    %Search for cut off voltage 
    voltage = batteryVoltage(i,2); 
    if voltage < endVoltage 
        endVoltage = voltage; 
    end 
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end 
%Define average power and total energy in Wh 
avgPower = sumPower/i; 
totalEnergy = Energy / 3600 ; 
endSOC = batterySOC(i,2); 
  
display(['Total energy extracted from battery during simulation: ']) 
display(['        ', num2str(totalEnergy), 'Wh']) 
display(['Average power during simulation is: ']) 
display(['        ', num2str(avgPower/1000), 'kW']) 
display(['The simulation time until cut - off voltage is reached is ']) 
display(['        ', num2str(timetocutoff), ' seconds']) 
%display(['At cut of voltage, the battery state of charge is : ']) 
%display(['        ', num2str(endSOC), '%']) 
display(['DOD for this simulation is : ']) 
display(['        ', num2str(startSOC), ' / ', num2str(endSOC)]) 
%Start and end voltage 
display(['At the given SOC at start, the voltage is : ']) 
display(['        ', num2str(initialVoltage), ' V ,', ' ', 
num2str(endVoltage),' V ']) 
  
calcEfficiency(totalEnergy, startSOC); 
  
function [efficiency] = calcEfficiency(Energy, startSOC) 
nomEnergy = input('Insert nominal capacity of battery in Wh:  '); 
nomEnergySOC = nomEnergy *startSOC/100; 
efficiency = 100*Energy / nomEnergySOC; 
  
display(['The efficiency of the battery with applied load is: ']) 
display(['        ', num2str(efficiency), '%']) 
  
display(['The extracted energy compared to 100/0 DOD at 0.5 C']) 
display(['        ', num2str(100*Energy/nomEnergy),' %      ']) 
  
end 
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Pulses 6.1 Ah Cell 
  Time Voltage Current Voltage Dip 
  13.536 3.690 3.689 3.686 2.991 0.041 0.093 0.098 
Pulse 1 
13.907 3.649 3.596 3.588 2.980 0.069 0.014 0.012 
14.364 3.580 3.582 3.576 82.117 0.007 0.006 0.006 
14.733 3.574 3.576 3.570 81.918 0.005 0.005 0.005 
15.101 3.568 3.571 3.565 81.786 0.005 0.005 0.005 
15.472 3.564 3.566 3.560 81.710 -0.099 -0.097 -0.101 
15.841 3.663 3.663 3.661 81.484       
        Total Voltage Drop 0.127 0.123 0.126 
  Time Voltage Current Voltage Dip 
Pulse 2 
5.106 3.983 3.978 3.990   0.000 0.040 0.136 
5.476 3.983 3.938 3.854 2.876 0.153 0.109 0.024 
5.933 3.830 3.829 3.831 87.239 0.012 0.011 0.012 
6.302 3.818 3.817 3.819 86.941 0.009 0.008 0.009 
6.673 3.808 3.809 3.810 86.742 0.008 0.007 0.007 
7.043 3.801 3.802 3.803 86.556 -0.130 -0.129 -0.138 
  7.411 3.931 3.931 3.941 86.366 -0.012 -0.010 -0.010 
  7.868 3.943 3.941 3.950 2.927       
                  
        Total Voltage Drop 0.182 0.176 0.188 
  Time Voltage Current Voltage Dip 
Pulse 3 
58.245 3.970 3.967 3.974 2.843 0.196 0.193 0.204 
59.071 3.774 3.774 3.771 107.905 0.015 0.013 0.013 
59.439 3.759 3.761 3.757 107.501 0.011 0.010 0.011 
59.808 3.748 3.750 3.747 107.212 0.009 0.009 0.009 
0.177 3.739 3.741 3.738 106.987 -0.173 -0.171 -0.182 
0.546 3.912 3.913 3.920 67.075 -0.013 -0.011 -0.010 
  1.004 3.924 3.923 3.930 2.871       
        Total Voltage Drop 0.231 0.226 0.237 
  Time Voltage Current Voltage Dip 
Pulse 4 
4.131 3.699 3.698 3.695 3.008 0.097 0.096 0.101 
4.500 3.602 3.601 3.594 3.012 0.014 0.012 0.011 
4.957 3.588 3.590 3.583 82.274 0.006 0.006 0.006 
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5.326 3.581 3.583 3.577 82.121 0.006 0.005 0.005 
5.694 3.576 3.578 3.572 81.992 0.005 0.005 0.005 
6.066 3.571 3.573 3.567 81.877 -0.102 -0.099 -0.103 
  6.523 3.673 3.673 3.670 2.956       
        Total Voltage Drop   0.128 0.124 0.128 
  Time Voltage Current Voltage Dip 
Pulse 5 
25.956 3.975 3.971 3.980 2.843 0.000 0.106 0.136 
26.325 3.975 3.864 3.844 2.852 0.193 0.083 0.065 
26.782 3.782 3.781 3.779 108.137 0.016 0.014 0.015 
27.152 3.766 3.767 3.765 107.677 0.012 0.011 0.011 
27.521 3.754 3.756 3.754 107.358 0.009 0.009 0.009 
27.891 3.745 3.747 3.744 107.141 -0.168 -0.167 -0.178 
  28.259 3.913 3.914 3.922 106.873 -0.015 -0.013 -0.012 
  28.717 3.928 3.927 3.934 2.836       
        Total Voltage Drop 0.230 0.223 0.236 
  Time Voltage Current Voltage Dip 
Pulse 6 
58.688 3.416 3.381 3.375 2.420 0.094 0.097 0.103 
59.188 3.322 3.284 3.273 2.419 0.028 0.031 0.030 
59.776 3.294 3.253 3.242 75.161 0.018 0.021 0.021 
0.019 3.276 3.232 3.222 74.742 -0.068 -0.069 -0.075 
0.688 3.344 3.301 3.297 74.167 -0.009 -0.007 -0.005 
1.276 3.352 3.308 3.302 2.443       
        Total Voltage Drop 0.141 0.149 0.154 
Pulses 7 Ah Cell 
  Time Voltage Current Voltage Dip 
Pulse 1 
53.53
2 
4.06
4 
4.06
8 
4.077 0.560 0.000 0.062 0.124 
53.94
7 
4.06
4 
4.00
6 
3.952 64.330 0.186 0.157 0.077 
54.45
0 
3.87
7 
3.84
9 
3.875 89.310 0.017 0.018 0.015 
54.86
5 
3.86
0 
3.83
1 
3.861 88.620 0.013 0.013 0.012 
55.28
1 
3.84
8 
3.81
8 
3.849 88.620 0.010 0.011 -0.156 
55.69
5 
3.83
8 
3.80
7 
4.005         
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        Total Voltage Drop   0.226 0.261 0.228 
  Time Voltage Current Voltage Dip 
Pulse 2 
45.71
8 
3.95
4 
3.95
3 
3.958 2.757 0.079 0.119 0.164 
46.13
3 
3.87
5 
3.83
4 
3.794 85.884 0.097 0.082 0.023 
46.63
6 
3.77
8 
3.75
2 
3.771 85.501 0.013 0.013 0.012 
47.05
1 
3.76
6 
3.73
9 
3.760 85.249 0.009 0.010 0.009 
47.46
5 
3.75
6 
3.72
9 
3.751 84.994 0.008 -0.164 -0.156 
47.88
1 
3.74
8 
3.89
3 
3.906 2.802       
        Total Voltage Drop   0.206 0.224 0.207 
  Time Voltage Current Voltage Dip 
Pulse 3 
44.95
6 
3.95
6 
3.95
5 
3.959 2.481 0.000 0.117 0.110 
45.37
2 
3.95
6 
3.83
8 
3.849 85.992 0.174 0.083 0.074 
45.87
4 
3.78
2 
3.75
5 
3.775 85.650 0.013 0.014 0.012 
46.28
9 
3.76
9 
3.74
1 
3.763 85.405 0.010 0.010 0.009 
46.70
5 
3.75
9 
3.73
1 
3.754 85.098 0.008 -0.033 -0.153 
47.11
9 
3.75
1 
3.76
4 
3.907 2.814       
        Total Voltage Drop   0.204 0.224 0.206 
  Time Voltage Current Voltage Dip 
Pulse 4 
24.43
5 
3.85
5 
3.85
4 
3.858 2.839 0.000 0.000 0.000 
24.85
0 
3.85
5 
3.85
4 
3.858 84.293 0.156 0.172 0.166 
25.35
2 
3.69
9 
3.68
2 
3.693 83.976 0.012 0.012 0.011 
25.76
7 
3.68
7 
3.67
0 
3.682 83.717 0.009 0.009 0.008 
26.18
1 
3.67
8 
3.66
1 
3.674 83.488 0.007 0.007 0.007 
26.59
6 
3.67
1 
3.65
4 
3.667 50.648 -0.145 -0.160 -0.155 
27.01
1 
3.81
6 
3.81
4 
3.822 low       
        Total Voltage Drop   0.184 0.200 0.191 
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  Time Voltage Current Voltage Dip 
Pulse 5 
38.71
5 
3.84
4 
3.84
3 
3.847 2.780 0.000 0.151 0.148 
39.13
0 
3.84
4 
3.69
2 
3.698 83.968 0.160 0.024 0.020 
39.63
3 
3.68
5 
3.66
8 
3.679 83.638 0.010 0.011 0.009 
40.04
8 
3.67
4 
3.65
8 
3.669 83.435 0.008 0.008 0.007 
40.46
2 
3.66
7 
3.65
0 
3.662 83.195 0.006 -0.121 -0.140 
40.87
8 
3.66
1 
3.77
1 
3.802 2.802       
      Total Voltage Drop   0.184 0.193 0.185 
  Time Voltage Current Voltage Dip 
Pulse 6 
46.30
2 
3.64
1 
3.65
1 
3.645 2.948 0.000 0.000 0.122 
46.71
7 
3.64
1 
3.65
1 
3.523 80.453 0.137 0.142 0.022 
47.22
0 
3.50
4 
3.50
9 
3.502 80.228 0.012 0.011 0.011 
47.63
5 
3.49
2 
3.49
8 
3.491 79.976 0.011 0.010 0.010 
48.05
0 
3.48
1 
3.48
8 
3.480 79.753 0.010 0.009 -0.113 
48.46
4 
3.47
1 
3.47
8 
3.593 2.996       
      Total Voltage Drop   0.170 0.172 0.165 
  Time Voltage Current Voltage Dip 
Pulse 7 
5.211 
3.73
4 
3.73
5 
3.734 2.874 0.129 0.125 0.175 
5.629 
3.60
5 
3.61
0 
3.559 
101.85
7 
0.062 0.070 0.020 
6.131 
3.54
3 
3.53
9 
3.539 
101.50
8 
-0.169 -0.174 -0.175 
6.546 
3.71
1 
3.71
3 
3.714 2.969 3.711 3.713 3.714 
          0 0 0 
                
        Total Voltage Drop   0.191 0.196 0.195 
  Time Voltage Current Voltage Dip 
Pulse 8 
13.81
9 
3.80
8 
3.80
7 
3.810 2.870 0.147 0.142 0.194 
14.23 3.66 3.66 3.616 103.05 0.062 0.078 0.020 
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4 1 5 5 
14.73
7 
3.59
9 
3.58
7 
3.595 
102.77
6 
0.011 0.011 0.010 
15.15
2 
3.58
7 
3.57
6 
3.585 
102.47
1 
0.008 0.008 0.008 
15.56
7 
3.57
9 
3.56
8 
3.577 
102.34
7 
-0.180 -0.191 -0.189 
15.98
1 
3.75
9 
3.75
9 
3.766 2.909       
        Total Voltage Drop   0.229 0.239 0.233 
        Total Voltage Drop   0.074 0.089 0.031 
  Time Voltage Current Voltage Dip 
Pulse 9 
31.18
1 
3.82
8 
3.82
7 
3.831 2.944 0.149 0.159 0.156 
31.59
6 
3.68
0 
3.66
8 
3.675 83.302 0.018 0.017 0.015 
32.09
8 
3.66
2 
3.65
0 
3.660 83.086 0.009 0.009 0.008 
32.51
3 
3.65
3 
3.64
1 
3.652 82.932 0.007 0.007 0.007 
32.92
8 
3.64
6 
3.63
4 
3.645 82.745 -0.141 -0.152 -0.149 
33.34
3 
3.78
7 
3.78
6 
3.794 2.929       
        Total Voltage Drop   0.182 0.193 0.186 
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Test 
Discharge 
current      
[C] 
Discharge 
Voltage    
[V] 
Discharge 
capacity     
[Ah] 
Discharge 
capacity     
[Wh] 
Efficiency 
[Ah] 
Efficiency 
Peukert's 
coefficient 
Cell 
B1-1 0.5 3.0 7.064 27.011 -   - B4 
B2-1 4 3.0 6.988 26.033 98.93% 98.93% 1.0052 B4 
B2-1 4 3.0 6.858 25.499 97.09% 97.09% 1.0142 B4 
B2-1 8 3.0 6.870 24.970 97.25% 97.25% 1.0101 B4 
B2-1 8 3.0 6.761 24.515 95.71% 95.71% 1.0158 B4 
B2-1 Load curve 3.0 7.060 26.298 99.94% 99.94% 1.0003 B4 
B2-1 Load curve 3.0 6.827 25.377 96.64% 96.64% 1.0175 B4 
Constant current discharges 
B2-2 1 3.0 7.111 26.782 -   - B5 
B2-2 2 3.0 7.0827 26.75284 99.60% 99.60% 1.0058 B5 
B2-2 3 3.0 7.05366 26.41195 99.59% 99.59% 1.0074 B5 
B2-2 6 3.0 6.95005 25.50297 98.53% 98.53% 1.0128 B5 
Start of cycle life test 2 
B2-4 0.5 3.0 7.083 27.080 -   - B5 
B2-4 Load curve 3.0 6.914 25.696 97.61% 97.61% 1.0124 B5 
B2-4 Load curve 3.0 6.8809 25.555 96.76% 96.76% 1.0148 B5 
Start of cycle life test 1 
B2-3 0.5 C 3.0 7.093 27.144 -   - B6 
B2-3 Load curve 3.0 7.032 2.163 99.14% 99.14% 1.0043 B6 
B2-3 Load curve 3.0 7.034 26.148 99.17% 99.17% 1.0043 B6 
B2-3 Load curve 3.0 6.994 25.99 98.61% 98.61% 1.0072 B6 
B2-3 Load curve 3.0 6.932 25.838 97.73% 97.73% 1.0117 B6 
New reference cycle life test 1, cycle 25 
B2-3 0.5 C 3.0 6.741 25.725 -   - B6 
B2-3 Load curve 3.0 6.714 24.834 99.60% 99.60% 1.0021 B6 
New reference cycle life test 1, cycle 50 
B2-3 0.5 C 3.0 6.681 25.449 -   - B6 
B2-3 Load curve 3.0 6.55 24.073 98.05% 98.05% 1.0101 B6 
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